Speech misperceptions provide a window into the processes underlying spoken language comprehension. One approach shown to catalyse robust misperceptions is to embed words in noise. However, the use of masking noise makes it difficult to measure the relative contributions of low-level auditory processing and higher-level factors which involve the deployment of linguistic experience. The current study addresses this confound by comparing noise-induced misperceptions in two languages, Spanish and English, which display marked phonological differences in properties such as consonant-vowel ratio, rhythm and syllable structure. An analysis of over 5000 word-level misperceptions generated using a common experimental framework in the two languages reveals some striking similarities: the proportion of confusions generated by three distinct types of masker are almost identical for the two languages, as are the proportions of phonemic and syllabic insertions, deletions and substitutions. The biggest difference is seen for babble noise, which tends to induce relatively complex confusions in English and simpler confusions in Spanish. We speculate that the inflectional morphology of Spanish lends itself to more easily recruit single elements from a babble masker into valid word hypotheses.
Introduction
It is a common occurrence for listeners to mishear an intended message, especially in natural settings characterised by conversational speaking styles and the presence of competing acoustic sources. It has been argued that the resulting 'slips of the ear' have great potential in dissecting the processes that underlie speech perception [1, 2, 3, 4, 5, 6, 7] . The value of such misperceptions is amplified when (i) the intended speech and confusion-inducing context (e.g., background noise) are recorded for further analysis; (ii) a sufficient number of listeners report the same confusion; and (iii) a large corpus of confusions is available. Such corpora can then be used to evaluate microscopic models of speech perception i.e., computational models that aim to predict the confusion that results from each individual stimulus e.g., [8, 9] .
Previous corpora of misperceptions have either been collected on the basis of anecdotal reports [3, 7] , or induced in the laboratory by simulating challenging listening conditions such as time-compressed speech [4] , faint speech [10] , or presentation in noise [11, 12] . Although listener reports provide the most genuine real-world confusions, they are usually singleperson confusions and lack the inducing context, precluding further analysis. Lab-induced confusions permit subsequent manipulation of speech and/or masker signals to further explore the factors causing the confusion [11] . However, one potential confound in examining lab-based confusions is the degree to which the confusion is influenced by expectations based on prior experience of the structures of the target language, or by the acoustic manipulations employed to catalyse the generation of confusions. In the case of confusions elicited in noise, we are interested in finding out whether the pattern of misperceptions is dominated by the masker, or by the target language.
Two large-scale word confusion corpora have been collected recently for Peninsular Spanish [13] and British English [14] , both using a similar noise-induced protocol. The availability of corpora for two different languages provides an opportunity to examine further the possible contributions of acoustic and linguistic factors in the presence of misperceptions. English and Spanish have clear phonological differences which might be expected to influence the form of misperceptions. In terms of phonemic inventory, Spanish has just five simple vowels whereas Standard British English has 12. English has a preference for closed rather than open syllables (60% vs. 40% respectively; [15] ) whereas Spanish, like other Romance languages, has more open syllables (approximately 70% of all syllables; [16, 15] ). English has a higher consonant:vowel (C:V) ratio [15] which is a product of both its preference for closed syllables and its higher tolerance for consonant clusters both in onset and in coda position.
An additional key difference between the two languages is the English tendency to stress-timed rhythm, which encourages weakening of unstressed syllables. As a consequence, in unstressed syllables, weak central vowels like schwa predominate, and there are even vowel-less syllables through the presence of syllabic consonants e.g., "button":
]. Spanish unstressed vowels, however, differ little in quality and quantity from their stressed vowel counterparts [17] . Thus, English unstressed syllables are considerably weaker than Spanish ones and, we hypothesise, more vulnerable to masking.
The differences between the two languages lead us to predict that English is more likely to suffer consonant coda substitutions in noise due to the larger set of choices in that position, and that Spanish will have more consonant deletions due to its preference for open syllables. We also predict consonant deletions and insertions as well as vowel substitutions stemming from the morphological flexibility of Spanish. A further hypothesis is that masking of English unstressed syllables will surface as syllable deletions or reconstructions. Apart from these inter-language differences, it is also to be expected that some misperception phenomena, such as the robustness of stressed syllables and stress location will emerge as commonalities between the two languages in the face of masking noise.
Corpora
The Spanish Confusion Corpus [13] is a collection of 3235 robust word misperceptions induced in the presence of five types of masker. Since word misperceptions that are consistently reported (i.e., by several listeners) are not frequent, an adaptive stimulus presentation protocol was used in which word-plusmasker tokens were generated dynamically and identified by listeners; based on simple heuristics, only those tokens deemed likely to lead to confusions were preserved and presented to other listeners on subsequent trials. Only those stimuli with at least six listeners agreeing on the misperception were retained for the corpus, with an upper limit of 15 presentations. The English Confusions Corpus [14] used an identical protocol, generating 3207 confusions.
The current study made use of the entire English Confusions Corpus and a comparable subset of the Spanish Confusions Corpus. The English corpus used only three of the five maskers employed in the Spanish corpus, namely four-talker babble (BAB4), speech-shaped noise modulated by the temporal envelope of three-talker babble (BMN3), and speech-shaped noise (SSN). For Spanish, we use the subset of 1943 confusions induced by these maskers. Table 1 compares the target words -i.e., the words presented in noise to listeners -of the Spanish (SP) and English (EN) confusions corpora with respect to a range of phonemic, syllabic and other metrics. A comparison of the data in Table  1 shows that the corpora reflect the main characteristics of each language described in the Introduction. Overall word duration is similar in the two languages, but we encounter differences in the number of syllables per word. In Spanish we see a bias towards bisyllables, whereas in English there is an equal presence of one and two syllable words. Although the number of syllables was a selection criterion in the two corpora [13, 14] , the outcome reflects the tendencies of the two languages [18] . Table 2 provides a breakdown of the Spanish and English phoneme inventories as employed in the current study. For better comparability with English, we treat Spanish vowel pairs within the same syllable as diphthongs. We follow common practice in Spanish corpora [19, 20] by including the approximant allophones /B, D, G/, which are systematically distinct from plosive realisations. 
Analysis
In the following, statistical comparisons are based on differences of proportions between Spanish and English, with Bonferroni corrections applied for multiple comparisons. 
Maskers

Confusion classes
We extend a classification scheme for slips of the ear introduced by [2] based on the number of segment differences between the target and confusion. Target words and confusions were aligned using dynamic programming string alignment, with a constraint to match consonants to consonants and vowels to vowels, and with deletion, substitution and insertion costs of 7, 10, 7 respectively. Single cases involve a single insertion, deletion or substitution, while Duals require two such changes. The remainder is split into three further categories based on the number of positions in the alignment with matching segments: Reformulations are cases where the target and confusion match in two or more locations; Complex cases are those where they match in a single segment; Eccentric cases have no matching segments. While a target/confusion pair might enter into more than one of these categories (for example, a three-segment word with one error could be regarded as a Single or Reformulated case), the Reformulation, Complex and Eccentric classes are applied after excluding the Single and Dual cases, so in practice there is no ambiguity as to the class of any confusion. Table 4 provides some examples from the corpora for both languages. Figure 1 shows the distribution of confusion classes in the two corpora. Approximately 40% of confusions involve one change, 27% two changes, and 30-35% more than two changes.
Spanish has a higher proportion of Single and Reformulation cases [p < .001]; for English the proportions of Complex and Eccentric cases are higher [p < .001].
Different maskers might be expected to lead to differing proportions of each confusion class. Figure 2 compares the two languages with respect to masker type and confusion class. The two languages are highly correlated [r = 0.9, p < .001]. Nevertheless, there is a clear language difference for the BAB4 masker; indeed, excluding BAB4 leads to a correlation of 0.99 [p < .001]. For English, BAB4 produces similar proportions of confusions for each confusion class, while for Spanish the proportion falls with confusion complexity. 
Single change cases
Discussion
The current study demonstrates a clear similarity in the effect of masking noise on the pattern of confusions in Spanish and English, evidenced in a number of measures. The distribution of confusions over the three masker types is statisticallyequivalent, as are the rates of substitutions, insertions and deletions at both the segmental and syllabic level. For some factors these similarities are also present at a more fine-grained level.
The effect of masker types on syllable changes shows clear parallels across the two languages, with babble noise generating near-identical proportions of insertions ( Figure 4 ). Similarity at the syllabic level is particularly intriguing, given the differences in percentages of syllable counts, open syllables and stressed versus unstressed syllables shown in Table 1 . Assuming that stressed vowels are generally more resistant to masking [2] , at first sight the higher proportion of unstressed syllables in Spanish might be expected to lead to a difference in the rate of deletion across the two languages. However, the tendency for Spanish unstressed syllables to be less weak than their English counterparts might to some extent compensate for their higher frequency of occurrence.
There are some cross-language differences in the effect of masking, particularly in the location at which single segment changes tend to occur in the word, and their consonantal or vocalic dominance (Figure 3 ). The existence of more consonant errors in English might reflect differences in C:V ratios. The higher number of consonant coda substitutions in English may be due to the fact that English has many more choices for coda consonants. The presence in Spanish of more Single case insertions and deletions in coda position seems likely to be due to morphology. As a highly inflected language, Spanish possesses base forms with numerous morphological variants, which typically differ segmentally via the presence or absence of a single phoneme e.g., "cantas, canta, cantan, cantar, cantad, cantase" are all forms of the verb "to sing". Thus, a single segment alteration occurring word-finally is quite likely to result in a legitimate word. For the same reason it is understandable that there are more vowel substitutions in coda in Spanish e.g., "canta, canto, cante" are all possible words. English coda vowels may be less likely to change if they are in a monosyllable and thus stressed. Further, since English has a tendency for initial stress, bisyllabic words have few choices for the final vowel due to weakening of unstressed syllables.
A less predictable difference is seen in the distribution of confusion classes, with English showing proportionally more Complex and Eccentric cases, and fewer instances of the Single and Reformulation categories (Figure 1) . However, the difference is almost entirely due to the babble masker ( Figure 2 ): in English, babble induces similar rates of each confusion class, while for Spanish in general it favours the generation of simpler confusion types. Again, the inflectional nature of Spanish may be partly responsible for this, since single segment changes often lead to viable words in which the base stressed syllable is preserved. In particular, vowel insertion by reconstruction or recruitment from the background may be fostered by the fact that the five Spanish vowels can occur practically anywhere and therefore they are easier to recruit and fit into a new genuine word. Spanish has more word-final vowel insertions, which also result in syllable insertions. English, on the other hand, has a more restricted vowel distribution: not all vowels can appear in open syllables or followed by all consonants and there is a limited set of vowels that may appear in unstressed syllables. It also has fewer morphological variants. Consequently, insertion of material recruited from babble noise may require more topdown processing to produce a viable word. In addition, since that are proportionally more monosyllabic word forms in English, any noise sufficiently intense to mask the (single) vowel nucleus will inevitably require recruitment of an alternative candidate from the background, leading to more complex and eccentric cases. Spanish, having far fewer monosyllabic words, appears less likely to suffer from a total loss of syllable nuclei.
Conclusions
Robust word misperceptions in English and Spanish produced in the presence of masking noise show remarkably similar proportions of phonemic and syllabic changes in spite of clear differences in phonology between the two languages. Some language-based differences were observed, mainly in the locus of single segment alterations and in the effect of a babble masker on the complexity of listener confusions. Both the inflectional morphology of Spanish and the dissimilar configuration of unstressed syllables in the two languages appear to influence the differential confusion patterns.
